Background: We aimed to determine the levels of total antioxidant status (TAS), total oxidant status (TOS), oxidative stress index (OSI) and paraoxonase1/arylesterase levels in inflammatory bowel disease (IBD), and the relation between these molecules and the activity index of the disease. Methods: Eighty IBD patients (ulcerative colitis (UC)/Crohn disease (CD) 40/40) and 80 control group participants were included in the study. Oxidative stress parameters were measured using the colorimetric method. As disease activity indexes, the endoscopic activity index (EAI) was used for UC and the CD activity index (CDAI) was used for CD. Results: In IBD patients, mean TAS (1.3±0.2 vs 1.9±0.2, respectively; p<0.001) and arylesterase (963.9±232.2 vs 1252.9±275, respectively; p<0.001) levels were found to be lower and TOS level (5.6±1.6 vs 4.0±1.0, respectively; p<0.001) and OSI rate (4.5±1.6 vs 2.2±0.8, respectively; p<0.001) were found to be higher compared to the control group. A strong positive correlation was found between EAI and TOS levels (r=0.948, p<0.001) and OSI rate (r=0.894, p<0.001) for UC patients. A very strong positive correlation was found between EAI and TOS levels (r=0.964, p<0.001) and OSI rate (r=0.917, p<0.001) for CD patients. It was found in a stepwise regression model that C-reactive protein, OSI and arylesterase risk factors were predictors of IBD compared to the control group.
Introduction
Inflammatory bowel disease (IBD) has two major forms: ulcerative colitis (UC) and Crohn's disease (1) . UC is a chronic relapsing condition characterized by superficial mucosal ulceration, rectal bleeding, diar rhea, and abdominal pain (2) and CD is characterized by a discontinuous and transmural inflammation potentially affecting any portion of the gastrointestinal tract from the mouth to the anus and presents typically with abdominal pain, fever, bloody or non-bloody diarrhea, and weight loss (3).
Since inflammatory bowel disease is a chronic inflammatory and idiopathic disease, a great deal of factors is blamed in its etiopathogenesis. While the most commonly blamed factors are genetic and environmental risk factors, lately oxidative stress has been considered to be one of the serious risk factors (4, 5) . In IBD, excessive immune response due to chronic inflammation and impaired tissue perfusion due to mucosal damage lead to excessive production of reactive oxygen and nitrogen species (ROS/RNS) (6) . ROS, generated by inflamed bowel tissue and inflammatory cells, increase oxidative stress and contribute to development and progress of chronic bowel infection (7) . In fact, it was shown in recent studies that increased oxidized molecules due to excessive oxidative stress in IBD are correlated with severity of mucosal inflammation (8, 9) .
For whatever reason, oxidative stress arises due to disturbed equilibrium between oxidant and antioxidant mechanisms in the body in favor of oxidant radicals (10) . Since there is a large number of increased oxidant radicals and decreased antioxidant molecules in the body as a result of oxidative stress, it is very time-consuming and expensive to measure all of these separately and also not really possible because the measurement is open to interaction between substances. For this reason, markers such as total oxidant status (TOS) and total antioxidant status (TAS) have been developed in order to determine the overall oxidant and antioxidant status in the body. Oxidative stress index (OSI) is also used as a general indicator of oxidative stress (11, 12) . In addition, antiinflammatory serum arylesterase/paraoxonase 1 (PON1) enzymes are among the antioxidant molecules that indicate oxidative stress in the body. These molecules are responsible for removing oxidized lipids, also known as arylesterase enzymes, from the body (13).
In our literature review, we have not found a study which investigates the relation between disease activity indexes and overall oxidant and antioxidant status and the arylesterase enzymes, which have a protective role in lipid peroxidation, in subgroups of IBD such as UC and CD. For this reason, we aimed to determine the levels of TAS, TOS and OSI, which indicate overall oxidative status in UC and CD patients, and the arylesterase enzymes, which have a protective role in lipid peroxidation, and the relation between these molecules and the activity index of the disease.
Materials and Methods

Study population
This study was performed between June 2015 and September 2015 in the Gastroenterology Clinic of Turkish High Specialty Training and Research Hospital and General Internal Medicine Clinic of Ankara Numune Training and Research Hospital. Eighty IBD patients (UC/CD: 40/40) and 80 healthy control group participants were included in the study. The IBD group consisted of patients over the age of 18 who were under regular follow-up in the IBD polyclinic and did not use immunosuppressive drugs. The control group participants were selected from healthy individuals with similar demographic characteristics to the patient group and no known chronic disease and medication use, who applied to our hospital for check-up. Participants who have documented cardiovascular and cerebrovascular diseases, inflammatory diseases such as rheumatic, autoimmune and infectious diseases, thyroid dysfunction, liver and kidney failure, vitamin and antioxidant drug use and tobacco and alcohol use were excluded from the study. Clinical and endoscopic parameters were used in order to determine disease activity. The Rachmilewitz scoring system (endoscopic activity index, EAI) was used for UC activity determination (14) and CD activity index (CDAI) was used for CD activity determination (15) .
The present study was designed in accordance with the Helsinki Declaration and approved by the local Ethics Board and Research Committee. Written consent was taken from all participants included in the study.
Conclusions:
Increased oxidative stress level in IBD patients and the detection of OSI rate as an independent predictor for disease activity indexes lead to the idea that oxidative stress might be related to the pathogenesis of IBD.
Keywords: Crohn's disease activity index, endoscopic activity index, total antioxidant status, total oxidant status, ulcerative colitis Zaklju~ak: Povi{en nivo oksidativnog stresa kod pacijenata sa IBD i detekcija stope OSI kao nezavisnog prediktora za indekse aktivnosti bolesti navode na ideju da oksidativni stres mo`e biti povezan sa patogenezom IBD.
Klju~ne re~i: indeks aktivnosti Kronove bolesti, indeks endoskopske aktivnosti, ukupni antioksidativni status, ukupni oksidativni status, ulcerozni kolitis
Endoscopic examination
Colonoscopy process was carried out by a single experienced endoscopist using FUJINON XL-4450 (Fujifilm Medical Co., Tokyo, Japan).
Biochemical parameters
Venous blood samples of all participants included in the study were taken after midnight fasting in order to measure oxidative stress markers. The blood samples were centrifuged for ten minutes at 1,500 rpm and then plasma and serum samples were se parated and kept at -80 °C. TAS, TOS, PON1 and arylesterase parameters were run on the same serum sample in the same session. Hemogram, biochemistry, C-reactive protein (CRP), erythrocyte sedimentation rate (ESR) levels of participants were obtained from patient files. The ratio of TOS to TAS provided the OSI, an indicator of the degree of oxidative stress (16) .
Measurement of oxidative stress parameters
Statistical analysis
The Statistical Package for Social Sciences (SPSS) for Windows 20 (IBM SPSS Inc., Chicago, USA) program was used for statistical assessments. Kolmogorov-Smirnov test was utilized to determine the distribution of data. Continuous variables with normal distribution were expressed as mean ± standard deviation, and continuous variables without normal distribution were expressed as median [interquartile range (IQR)]. Categorical variables were presented as numbers and percentage. Continuous variables were compared with independent sample t-test, ANOVA or Mann Whitney U test, Kruskall Wallis H test where appropriate. The relationship between the numeric parameters was analyzed by Pearson and Spearman correlation analysis. Stepwise multi-variable logistic regression analysis was used in order to determine independent predictors of IBD risk. Stepwise multivariable linear regression analysis was used in order to determine independent predictors of EAI and CDAI levels. Logarithmic conversion was applied to CDAI, EAI, CRP, ESR levels that did not meet the normal distribution condition in linear regression analysis. A p< 0.05 was considered significant for statistical analyses (17) . Subgroup analyses are given in detail in Table II . Accordingly there was no significant difference in terms of age, BMI and gender distribution. The mean albumin level was lower in CD patients and similar in UC patients and the control group (4.0±0.7 g/L vs 4.3±0.5 g/L vs 4.3±0.3 g/L, respectively; p<0.05). The CD group had the highest median ESR and CRP level, while these levels were higher in the UC group compared to the control group (19 mm/h vs 13 mm/h vs 10 mm/h; p<0.05; 7.2 vs 3.6 vs 2; p<0.05; respectively). The mean TAS and arylesterase levels were similar in CD and UC patients and lower than in the control group, whereas TOS level and OSI rate were similar in CD and UC patients and higher than in the control group.
Results
No parameters related to oxidative stress levels were found in the control group. In the IBD group, there was a negative correlation between CRP levels and TAS level (r=-0.315, p=0.019) and a positive (Table III) .
In a stepwise regression model formed using age, gender, BMI, total protein, albumin, ESR, CRP, OSI, PON1 and arylesterase risk factors, CRP (OR=1.071; p=0.016), OSI (OR=4.596; p=0.007) and arylesterase (OR=0.995, p<0.001) risk factors were found to be predictors of IBD compared to the control group (Table IV) .
Risk factors included in the logistic regression model were also used in the linear regression model employed to determine risk factors that predict log (CDAI) and log (17) levels. Accordingly, it was found that an increase of 1 unit in OSI rate increased log (CDAI) level by 0.710 (B ± SE=0.710 ± 0.060; p<0.001), and the same increase of 1 unit increased log level by 0.600 (B ± SE=0.600 ± 0.070; p<0.001). Both the logistic regression model and the linear regression model explained more than 65% of the dependent variable (Nagelkerke R 2 =0.728, R 2 Log (CDAI) =0.684, R 2 Log (17) =0.675) ( Table IV) .
Discussion
In the present study, we found overall oxidative stress to be higher and arylesterase enzyme level to be lower in IBD patients compared to the control group. A positive correlation was found between EAI and OSI rate in the UC group and between CDAI and OSI in the CD group. It was determined as a result of the stepwise logistic regression analysis that OSI rate was an independent risk factor for IBD. To the best of our knowledge, this is the first study that attempts to determine the overall oxidative stress level in major IBD subgroups such as UC and CD and investigate the relation between oxidative stress and disease activity.
Oxidative stress arises as a result of excessive generation of oxidant radicals or lack of molecules involved in antioxidant defense. Proinflammatory T lymphocytes are known to play an active role in IBD, which is a chronic inflammatory disease (18) . These proinflammatory cytokines may cause an increase in ROS via the nicotinamide adenine dinucleotide pho sphate-oxidase enzyme (19, 20) . Excessively increased ROS levels lead to changes in the structure of lipids, proteins, carbohydrates and deoxyribonucleic acids in tissues and cause oxidative damage (21) . The second group of free radicals produced in IBD is RNS which is produced by selected cells in intestinal mucosa and submucosa via nitric oxide synthase (22, 23) . Inducible NOS (22) level increases in inflamed tissue in diseases such as IBD. Increased iNOS levels cause activated macrophages, leukocytes and epithelial cells in intestinal mucosa to produce excessive amounts of RNS (24). As noted above, an increase in both ROS and RNS may be present in intestinal mucosa secondary to inflammation in IBD.
In the present study, we found the oxidative stress level to be higher in IBD patients compared to the control group. As mentioned above, we believe that this is associated with increased inflammation in IBD patients, because CRP levels were found to be higher in both the whole patient population and UC and CD compared to the control group. The fact that a positive correlation was found between CRP levels and OSI rate in UC and CD patients as a result of correlation analysis strongly supports our hypothesis. In a study conducted with CD patients, Sido et al. found that oxidative stress level was higher in inflamed ileum mucosa compared to non-inflamed tissue (25) . It was found in other studies as well that glutathione (GSH) levels decreased and glutathione disulphide (GSSG) levels increased in inflamed tissues in UC and CD patients (4, 8, 9) . Another strong piece of evidence which supports our hypothesis is that low GSH/GSSG redox status in intestinal mucosa was shown to be associated with chronic inflammation in a study conducted with rats with UC (26).
A strong positive correlation was found between EAI and OSI rate in the UC group and between CDAI and OSI in the CD group in our study. This result leads to the idea that oxidative stress is markedly high in IBD activation and increased oxidative stress might be an indirect indicator of disease activation. The fact that OSI was found to be an independent risk factor for both EAI and CDAI as a result of the linear regression analysis strongly supports our idea. It was found in a study conducted by Kruidenier et al. (27) that there was a correlation between ROS and disease severity both clinically and endoscopically in IBD patients, which supports our hypothesis as well.
Arylesterase enzyme level, which is an antioxidant enzyme, was found to be lower in IBD patients compared to the control group in our study. Arylesterase enzyme is a serum enzyme which protects low density lipoprotein against oxidative damage and is firmly bound to high density lipo pro tein. We believe that arylesterase enzyme levels de creased due to high consumption in case of increased oxidative stress in IBD patients, since it has a role in anti oxidant de fense (13) .
Our main limitations are the cross-sectional design of the study and lack of sufficient observation, follow-up and recurrent measurements necessary to use OSI rate as a disease activity marker.
In conclusion, increased oxidative stress level in IBD patients and the detection of OSI rate as an independent predictor for disease activity indexes due to their positive correlation lead to the idea that oxidative stress might be related to the pathogenesis of IBD. In previous studies, it was shown that antioxidant therapies (oral or intraperitoneal GSH and N-acetylcysteine supplement) decreased oxidative stress level and repaired bowel mucosa structurally and histologically at the same time, which supports our idea (28) (29) (30) .
The fact that OSI rate was found to be among the independent predictors of IBD together with chronic inflammation markers as a result of stepwise logistic analysis enhances the hypothesis that oxidative stress might be related to the etiopathogenesis of IBD.
